Purpose: The use of I 0-I 5 Alg epinephrine as an epidural test-dose is controversial. Isoproterenol would be a better alternative. However before 5/Ig isoproterenol can be incorporated in an epidural test-dose, neurotox~-cological studies have to be performed. The present study was designed to assess spinal somatosensory evoked potentials (spinal SSEP) before and after epidural isoproteronol. Methods: Spinal SSEPs were recorded before, 30 rain after, and 72 hr after 50/ag isoproterenol were given epidurally (L3_4) to six chronically instrumented awake sheep. The spinal SSEPs after epidural (L3_4) administration of IS ml lidocaine 296 were used to evaluate the model. The SSEPs were generated by transcutaneous stimulation of the sciatic nerve in the thigh. Spinal SSEPs were recorded directly from the spinal cord at vertebra T~ ~ using a monopolar epidural electrode referenced to a subcutaneous needle electrode in the adjacent paraspinal area. Results: Thirty minutes and 72 hr after epidural injection of 50/~g isoproterenol the latency and the amplitude of the SSEP waves were similar to baseline values. After lidocaine, no SSEPs could be generated in three sheep while in three sheep the latency of wave 2 (W2) was prolonged and the amplitude diminished. Conclusion: Administration of epidural isoproterenol did not affect spinal SSEPs in this study indicating an absence of neurotoxic side effects.
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Histopathological evaluation, spinal cord blood flow and somatosensory evoked potentials can be used to evaluate of the integrity of the spinal cord. The value of somatosensory evoked potentials to assess spinal cord dysfunction has been well documented, s-7
The present study was designed to assess the spinal somatosensory evoked potentials (spinal SSEP) before, 30 min after, and 72 hr. after 50 lag isoproterenol were given epidurally to chronically instrumented awake sheep. The spinal SSEPs after lidocaine were used to evaluate the model.
Methods
After approval by the Committee on Animal Research, Katholieke Universiteit Leuven, six ewes were studied.
Under general anaesthesia, an epidural needle was placed between spinal processes THq2, using the loss of resistance technique, until it reached its desired position against the spinal dura. Then, a recording electrode was inserted through the lumen of the needie after which the needle was withdrawn. Similarly, an epidural catheter was inserted between lumbar processes Ls_ 4. After recovery from anaesthesia, the animals were allowed to stabilize for 72 hr.
The animals were studied awake standing in a study cart. Spinal SSEPs were generated by transcutaneous electrical stimulation of the sciatic nerve at the posterior mid-thigh level. Stimulation was applied through a stimulating unit consisting of parallel, curved blunt metal rods mounted on perspex. Inter-electrode distance was 1.5 cm and the cathode was placed proximal to the anode. After the area was shaved this unit was pressed transcutaneously against the sciatic nerve and electric shock stimulation, square wave pulses of 0.1 msec duration and 100-200 V amplitude, was applied via a stimulus isolation unit at a frequency of 3-5 Hz. These intensities usually evoke some contraction of local hind limb muscles, but did not appear to cause discomfort to the sheep. Stimulation voltage was constant throughout each experiment. Room temperature was kept high. Rectal temperature was recorded before and after each experiment and did not differ.
Spinal SSEPs were recorded directly from the spinal cord at vertebra T12 using a monopolar epidural electrode referenced to a subcutaneous needle electrode in the adjacent para-spinal area. This recording electrode (Nicolet, ref. 019-405600) consists of a stainless steel tip (1 mm diameter, 5 mm length) mounted on a 120 mm flexible Teflon coated wire. A stainless steel ground plate electrode was taped to a shaved area of the upper thigh and conductive paste was used to ensure good contact. Signals were fed via a pre-amplifier to an amplifier with a signal averaging unit. A standard, commercially available, electromyography apparatus was used (Medelec MS 92, Vickers Medical, Old Woking, England). This device includes a stimulus generator, as well as units for amplifying, processing, displaying and printing of the recorded signals. The frequency band was 20 Hz to 2 kHz. When stable, reproducible waveforms were present, they were averaged.
Signals containing large amplitude interference were rejected. An artifact rejection facility is incorporated into the averager of the Medelec MS 92. When a signal overload of about 2.6 vertical divisions on the screen (in our work corresponding to 50 laV) is detected, this is identified as an artifact, and that section of the recording is rejected by the averager. There are several causes of overload e.g. electrical stimulus artifacts or by movement artifact. The SSEP waveforms were displayed on an oscilloscope where peak latency and amplitude could be measured using a built-in cursor with a digital readout. All recordings were repeated twice and then printed on thermal paper. Details of the technique as applied to human spinal surgery s and experimental work in sheep 9 have been described previously.
Once a baseline spinal SSEP waveform had been obtained 50 lag isoproterenol were administered epidurally (Ls.4). Thirty minutes and 72 hr. later, spinal SSEP recordings were repeated.
The sheep were then rested in a hammock and were injected with 15 ml lidocaine 2% epidurally. Spinal SSEPs were recorded before, 10, and 60 min after the administration. The functional effects of each epidural block were grossly monitored by the presence of flaccid paralysis, mainly of the hind limbs, as a determinant of motor block.
Group values are presented as mean • SEM and statistical analysis was performed using repeated measures analysis of variance followed by Dunnett t-test. A P value < 0.05 was considered significant.
Results
Twelve experiments were performed in six ewes. Mean weight was 65 kg • 8.
Good baseline amplitude spinal SSEPs were obtained in each animal. Thirty minutes and 72 hr. after epidural injection of 50 pg isoproterenol, the latency (resp. P=0.3 and 0.8) of the waves (W) and the amplitude (P=0.9) were similar to baseline values (Table I) .
After 15 ml lidocaine 2% no spinal SSEPs could be generated in three sheep, whereas the latency from baseline of W2 in three other sheep was prolonged. (P<0.02) and the amplitude was diminished (P<0.001) ( Table n) .
Discussion
Several studies have been conducted to test the usefulness of isoproterenol as a marker of inadvertent intravascular injection in epidural anesthesia for labouring women. These studies mainly concerned the haemodynamic effects of 5pg isoproterenol when injected intravascularly in man and sheep. 4,1~ So far, the epidural use of isoproterenol is prohibited, because only one study exists concerning possible neurotoxic side effects. 11 Iri this study, where isoproterenol was injected intrathecally in sheep, no histopathological changes of the spinal cord were found.
Evoked potentials have proved particularly valuable in showing subclinical spinal cord dysfunction) 2 Toxic abnormalities of nervous system function can be divided into rapidly acting, usually reversible responses due to agents such as anaesthetics, and those of longer duration associated with physical disruption of cellular elements.12 No changes of spinal SSEP were recorded after the epidural administration of 10 times the dose of isoproterenol, which would be used as a test dose (5 pg isoproterenol). In animal studies, general amplitude reduction of 50% or complete loss of one component can be regarded as signifying a high likelihood of functional impairment of the spinal cord, Is although there is always the question of how sensitive SSEPs are to spinal cord damage. However, by injecting a neurotoxic compound (10 ml pure alcohol epidurally) we demonstrated that marked changes in the SSEP (14 fold reduction of amplitude after one hour) could be generated. Due to the objections of our ethical committee, this experiment was performed in only one animal during isoflurane 1.5 % anaesthesia.
In all the sheep lidocaine was injected in the epidural space to confirm the correct position of the 19 Abolition of SSEPs in our study with the higher dosage of lidocaine is, in this regard, not so surprising. However, it was not the purpose of this study to evaluate the effects of lidocaine, but to evaluate the neurotoxic effects of isoproterenol.
In the present study, the spinal SSEPs recorded from the epidural space were considered more useful than cortical responses, on account of their electrical stability, which in an awake animal is of great importance. In addition, to record cortical responses, electrodes have to be placed precisely above the representive somatosensory area. Also, in experiments with local anaesthetics spinal SSEPs are more reliable, because they are less susceptible to fluctuations in blood pressure. Spinal responses can be recorded at much faster stimulation rates than cortical responses, with corresponding improvement in feedback time. is There is evidence that distinct components of the spinal SSEP may be generated in different tracts of the spinal cord 2~ whereas the cortical response is likely to depend on the posterior columns alone. 2~
In conclusion, we found no change in amplitude or latency in SSEPs after epidural isoproterenol in a chronic awake sheep preparation. These results and an earlier study H suggest that isoproterenol can safely be used epidurally, when given in low dose bolus injections.
